Abstract: This paper presents the investigation on the buckling of three-phase orthotropic composite plates used in shipbuilding subjected to mechanical loads by analytical approach. The basic equations are established based on the Classical Plate Theory. The analytical method is used to obtain the expressions of critical loads of the three-phase composite plate. The results in the article are compared to the results obtained by other authors to validate the reliability of the present method. The effects of fiber and particle volume fraction, material and geometrical parameters on the critical load of three-phase composite plates are discussed in detail.
Introduction


Composite is a material composed of two or more component materials to obtain better properties compared to other regular materials [1, 2] . Therefore, composite materials are widely used in all fields: power, aviation, construction, shipbuilding, civil and medical fields....
In addition to advantages of composite material such as: nonreactive with environment, lightweight, durable in corrosive environment, it also has disadvantages: easily permeable, flammable features [2, 3] and low level of hardness.
In the shipbuilding industry, nowadays small and medium-sized patrol boats, cruise ships, and fishing boats are mainly made from composite material. In order to increase the waterproofing, fireretardancy and the hardness of the material, besides the fiber reinforcement usually added reinforced particles to the reinforced polymer matrix [4, 5] . In fact, there are actually three-phase composites: polymer matrix, reinforced fiber and particles. Adding reinforced particles to the polymer matrix, the mechanical properties of plate and its shell structure will vary (effect on tensile, bending and impact strength) [5] . Therefore, it is necessary to control the effect of the ratio of component phases to the durability of the structure while still meeting the desired criteria such as waterproofing or fire-retardancy [6] [7] [8] .
Plate, shell and panel are the basic structures in engineering and manufacturing industry. These structures play an important role in mainly supporting all structures of machinery and equipment. Buckling of composite plate and shell is first and foremost issue in optimal design. In fact, many researchers are interested in this issue [6] [7] [8] [9] [10] [11] [12] [13] . Therefore, research on three-phase composite plate and shell is crucial in both science and practice.
In fact, most composite materials currently used in shipbuilding have a orthotropic configuration. The paper introduces a study on the buckling of three-phase orthotropic composite plates used in shipbuilding by analytical methods. This paper approaches in the direction of critical load expressions. The effect of fiber, particle, material and geometry characteristics on the critical load of composite threephase plates is discussed in detail. The results calculated according to the approach in the paper, compared with the results obtained by other authors in the possible cases to test the reliability of the method.
Determining elastic modulus of three-phase composite
Three-phase composite has been proposed for study and solve scientific problems posed by methods in [6, 7, [14] [15] [16] , i.e. solved step by step in a two-phase model from the point of view described by the formula:
First step: considering 2-phase composite including: initial matrix phase and filling particles, composite are considered identical, isotropic and have 2 elastic coefficients. The elastic coefficients of the Om composite are now called composite assumptions.
Second step: determining the elastic coefficients of composite between the assumed matrix and reinforced fibers.
Assuming composite components (matrix, fiber, particle) are all identical, isotropic, then we will denote Em, Gm, m, ψm; Ea, Ga, a, ψa; Ec, Gc, c, ψc respectively as elastic modulus, Poisson's ratio and component ratio (according to volume) of matrix, fiber, particle. From here on, matrix-related quantities will be written with the index m; fiber-related quantities will have index a and index c for particle. According to Vanin and Duc [17] , elastic modules of assumed composite are received as follows:
With:
G, K : Shear elastic modulus và bulk modulus of assumed matrix.
are calculated from as follows: 
Governing equations
The main differential equation for buckling analysis of orthotropic plates (Appendix A) is: 
, E  , KG
The buckling of three-phase orthotropic plate subjected to biaxial compression
In case, a rectangular orthotropic plate is subjected to a uniform compression on each edge with the respective force of = − 0 and = − 0 , without horizontal load (7) becomes: zk: is the distance from the middle surface of the plate to the bottom of the k th layer.
In this study, the edges of composite plates are assumed to be single supported:
At = 0 and = : 0 = = 0 ;
The boundary conditions (9) and (10) are always satisfied when the deflection function is in the form:
Introducing (11) n: number of layers (only for formula no. 13) . E11, E22, ν21, G12: are the coefficients of three-phase composite material determined by the formula (6) .
Put expressions E11, E22, ν21, G12 in (6) into (13), then put into expression (12) , We get the N0 force value depending on ψa, ψc, a/b and e, respectively the volume ratio of fiber, particle and geometric dimensions of plates: 
Where:
Put: 1 = ( − 1) = ( The equation (14) is the basic equation with the variables: ψa, ψc, / and e used to study the buckling of the three-phase orthotropic plate under biaxial compression.
The critical force corresponds to the values of m and n making No smallest. With = = 1, the expression (14) 
The equation (16) is the equation with the variables: ψa, ψc, a/b and e used to study the buckling of the three-phase orthotropic plate bearing axial compression.
The smallest value of N0 corresponding to
is: (17)
Results and discussion
Survey of three-phase composite plate of axb dimensions, made from AKA resin, WR800 glass cloth and TiO2 particle including 07 layers 0 Replace the values (18) into the formula (15) to have results shown in the following tables: 
The buckling of the three-phase orthotropic plate under biaxial compression load
Comment:
-When the fiber and particle volume fraction ratio increase, the critical loads of the plate increase. Moreover, the effect of fiber volume fraction on the buckling of composite plate is better than one of the particle volume fraction.
-Layer placement sequence affects the buckling of plates, the value between two plates differs from 5 ÷ 8% (plate 7 (90/0) has force-bearing capacity better than plate 7 (0/90)). Comment:
-When the R coefficient increases, the critical force of plate bearing two-direction compression decreases, rapidly at first then slowly to approach the smallest value N xmin = − [19] this case is hydrostatic pressure (σy/σx=1) then the buckling parameter is:
-When the thickness increases, the force-bearing capacity of the plate increases, layer 7(90/0) has better force-bearing capacity than layer 7(0/90) from 5 ÷ 11%. 
The buckling of the three-phase orthotropic plate subjected to an axial compression
Replace the values (18) into the formula (17) to have results shown in the following tables: 
Comment:
-When the fiber and particle volume fraction ratio increase the one-direction compression resistance of the plate increase, the effect of fiber on the plate's buckling is better than the particle.
-Plates of the same size have force-bearing capacity in one direction at least 3.6 times better than in two directions. 
-When the R coefficient increases, the critical force of the plate bearing one-direction compression decreases, first decreases, rapidly at first then slowly to approach the smallest value N xmin = − ) [19] -When the thickness increases, the force-bearing capacity of the plate increases, layers 7(90/0) and 7(0/90) has a critical compressed force in an equivalent direction.
Conclusion
The article introduces study on the buckling of orthotropic three-phase composite plates subjected to simultaneous biaxial and axial compression load. Some conclusions are obtained:
-Static stability of the three-phase composite plate is significantly influenced by elements of material composition, particles and fibers volume fraction ratio, plate size and thickness:
When the fiber ratio increases, the compressive bearing capacity of plates strongly increases; however, when the percentage of particle increases, the compressive bearing capacity of plates less increases.
Therefore, the effect of fiber on plate buckling is much better than that of particle. When the R-shape parameter increases, the critical force of plates subjected to simultaneous biaxial and axial compression reduces, rapidly at first then slowly to approach the smallest value (for biaxial compression Nx min = 46% Nth(1,1) and axial compression Nx min = 87% Nth(m,1)). Therefore, it is necessary to select this parameter reasonably to ensure the buckling of the plate without increasing its weight.
Plates of the same size have force-bearing capacity in one direction at least 3.6 times better than in two directions.
-Layer placement sequence affects the buckling of plates, the value between two plates differs from 5 ÷ 11% (plate 7 (90/0) has force-bearing capacity better than plate 7 (0/90)), which means that in terms of layer inlay: the bigger the number of layers inlaid in perpendicular direction (horizontal direction of the plate) is, the better the stability will be.
-When the thickness increases, compression and shear resistance of the plate increases.
-When the thickness increases, the force-bearing capacity of the plate increases, layer 7(90/0) has better force-bearing capacity than layer 7(0/90) from 5 ÷ 11%.
Thus, upon adding reinforced particles to improve the criteria: increasing waterproofing, fireretardancy and the surface hardness of the plate will effect on tensile, bending, impact strength and the buckling of the plate. The aforementioned research results are the scientific basis for shipbuilding facilities to design and manufacture ship structures and equipment on board to meet the criteria: better stability, waterproofing, fire-retardancy materials with most reasonable prime price.
Appendix A:
To determine the response of plates, laminated composite plate are placed in the coordinate system of x, y, z. Where: xy is the middle surface of the plate and z is the direction according to the thickness h of the plate. According to Kirchhoff assumption, the deformation of the normal line with middle surface is a straight line perpendicular to the deformation surface of the middle surface. Therefore, the response of plates is represented by the following relation:
; (Leissa, 1985, [19] ) Figure 11 : Laminated composite plate
Where: u, v, w are displacement components along the x, y and z directions, and u0, v0 are displacement at one point of the middle surface. u0, v0 and w0 are functions of x and y. Deformationdisplacement equations are used according to classical elasticity theory to have [19, 20] :
Where: εx, εy is the deformation in x and y directions; γxy is shearing deformation, the equation ( 
Where: ε x 0 , ε y 0 và γ xy 0 is the deformation of middle surface, and kx, ky, kxy are the curvature of the plate bearing bending force. 
Hooke's law for composite plates is defined as follows: 
Where: k is the number of layers 
= sin ; = cos ; is the angle between the direction of fiber and coordinates. 
Where: σxx and σyy are normal stresses, and τxy is shear stress. 
Or in shortened form:
On the other hand, the plate bearing q pressure in z direction and membrane force (Nx, Ny, Nxy). Therefore, there is an equilibrium simultaneous equation like (Leissa, 1985, [19] ):
And:
The transverse shear forces Qx and Qy, as well as the slopes λ: is an infinitely small scalar regardless of coordinates of the surveyed point. The phenomenon of instability is seen as a process of producing an extremely small deviation from a balanced position.
Combining (16) and (11), the following relation is formed:
Put (16) and (17) into equation (15c) to get a first order equation of λ, ignoring the second order terms of λ. This equation is satisfied for all λ, if the terms of λ null out, we have: Since w 0 i is pretty small, the curvature terms of the bending-bearing plate in the equation (19) are omitted. Then this equation becomes. In the case of symmetric multi-layer plates ( = 0)membrane equations are separate from bending equations, and for pure bending cases: 0 = 0 = 0, equations (21a) and (21b) null out. Then the equations (21a, 21b, 21c) are written in the following form: 
The equation (23) is also the buckling equation of orthotropic plates.
